High resolution Fourier spectrometry techniques have been used to study the A 1 Σ + u state, which is perturbed by the b 3 ∏ u state of the Na 2 molecule. This study was achieved by means of exciting the B 1 ∏ u state from the X 1 Σ + g ground state by 4880Å and 4965Å lines of an Ar + laser. The excitation is followed by collisional transfer energy produced between B 1 ∏ u and (2) 1 Σ + g states, which led to the population of the vibrational levels of the (2) 1 Σ + g state v. The analysis of the collision-induced system (2) 1 Σ + g − A 1 Σ + g enabled us to study, in detail, the perturbations of 11 vibrational levels from v = 0 to v = 10 of the A 1 Σ + u state.
Introduction
The study of the first excited singlet state A 1 Σ + u of Na 2 can be used as a platform of departure towards multiphotons. But A 1 Σ + u is perturbed by the second excited triplet state b 3 ∏ u , and in spite of the many studies concerning the state A 1 Σ + u , the fine analysis of the perturbation, caused by the triplet state b 3 ∏ u , remained without investigation.
In most of the previous work the molecular constants of the states A 1 Σ + u and b 3 ∏ u are calculated, without dealing with their perturbation [1 -3] . The only researchers who touched the problem of the perturbation of the A 1 Σ + u state were Kusch and Hessel [4] . They studied roughly the perturbation of the v = 0 and v = 1 vibrational levels.
In a previous work [5] we have calculated the perturbations of eleven vibrational levels from v = 0 to v = 10 of the A 1 Σ + u state by high resolution Fourier spectroscopy to study the transition (2) 1 Σ + g − A 1 Σ + u . The upper (2) 1 Σ + g state is populated by collisional transfer between B 1 ∏ u and (2) 1 Σ + g states. The analysis led to the calculation of the perturbed constants of the A 1 Σ + u and b 3 ∏ u states, and the interaction matrix elements are well determined, in addition to an unambiguous confirmation of the vibrational numbering of the b 3 ∏ u state.
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In this paper the perturbation of the A 1 Σ + u state is reported in detail, which completes the previous work [5 -8] .
Experimental
The experimental arrangement described in [5, 9] , consisted of a heat pipe in which argon was introduced both as buffer gas and to produce the collisional phenomenon of relaxation. Sodium vapour in the heat pipe was maintained at 500 • C. The pressure of argon was about 10 Torr. A schematic diagram of the apparatus is shown in Figure 1 . A series of experiments was carried out, using selective laser excitation techniques and recording the spectrum by high resolution Fourier transform spectrometry. The exciting lines are λ = 4880Å and λ = 4965Å of an Ar + laser.
Observed Spectra
In addition to the usual series of doublets or triplets [9] , a system of bands, similar to that excited by classical sources of excitation, in the spectral range 5200 cm −1 -6200 cm −1 was observed. The analysis of these spectra shows that it is the transi- 
Only one rotational level of the B 1 ∏ u state is excited by the pumping line. It can be antisymmetric (a), as the excitation by the pumping line λ = 4880Å, Fig. 2 , or symmetric (s), as the excitation by the pumping line λ = 4965Å. By supposing that the nuclear symmetry must be conserved during the collision (collision at long range), only the levels with the same symmetry in the (2) 1 Σ + g state will be populated. From this state an emission takes place towards the A 1 Σ + u state obeying the selection rules a -a, s -s, and + -−. In the first case (pumping line is antisymmetris) lines were obtained having even J and in the second case (pumping line is symmetris) lines were obtained having odd J .
Analysis
The general characteristic of the spectra induced by collisional transfer is the complexity relative to the spectra of fluorescence induced by laser, even at high resolution. That is due to the mode of excitation (collisional transfer) and to the presence of numerous perturbations in the rotational structure of the A 1 Σ + u state. But the analysis of the spectra becomes easier because of the mechanism of population, which is such that according to the exciting line only rotational levels having J even or odd. Next to the upper state
u the transitions have been studied with greater precision than those used in this work [10] , and no perturbations have been detected in the levels of this state, and it was found that its values are well represented by the constants already published [10] .
Not all the vibrational levels of the perturbed In order to get an unambiguous analysis, it was necessary to study several bands of the transition for levels v = 0, 7 -10 (these bands possess only even J lines) or from for levels v = 1 -6 (these bands posses odd and even J lines). Examples of these two relations are illustrated in Figs In the case of the excitation by the Ar + line 4965Å it was found that the levels (v = 23−J = 30) and (v = 26 − J = 42, or J = 44) of the (2) 1 Σ + g state are the collisional resonant levels with the B 1 ∏ u state.
The process is found to be resonant, with crosssections strongly depending on the ∆E energy transfer, being maximal when ∆E ≈ 0 with selection rules ∆J = 0, ±2 for the excitation line at 4880Å and negligible when ∆E ≥ 300 cm −1 at T = 770 K. At the same time the experimentally observed spectra indicate that both resonant and nonresonant channels contribute to the collisional energy transfer. The quantitative characteristics of these processes can be interpreted by calculations based on a first-order dipole-dipole and secondorder interaction potentials, using the Born approximation [9] .
Conclusion
Our work concerns the perturbation of the A 1 Σ + u state, which is essentially different from those of Kusch and Hessel [4] and Engelke et al. [2] . We report a detailed analysis of 11 perturbed vibrational levels of the A 1 Σ + u state. 60 bands of the (2) 1 Σ + g − A 1 Σ + u system are attributed with the help of the Fourier transform spectroscopy technique, which enables a precise study of the perturbations of the A 1 Σ + u state. It permitted also the description, in detail, of the interaction of the b 3 ∏ u −A 1 Σ + u states, which was published in [5 -8] , and the study of the ground state X 1 Σ + g [9] .
